For individuals living with human immunodeficiency virus (HIV), viral suppression positively affects quality and length of life and reduces risks for HIV transmission. Men of color who have sex with men (MoCSM) who have been diagnosed with HIV have disproportionately low rates of viral suppression, with concomitant increases in incidence. We identified specific social, structural, and psychiatric factors associated with viral suppression among a sample of 155 HIV-positive MoCSM. Cigarette smoking and biological markers of recent drug use were significantly associated with detectable viral load. In contrast, individuals reporting a history of psychiatric illness during medical examination were more likely to be virally suppressed. Further analyses demonstrated that psychiatric illness may affect virologic outcomes through increased probability of being prescribed HIV medications. Alternatively, cigarette smoking and drug use appear to negatively affect subsequent HIV Care Continuum milestones such as medication adherence. Findings provide support for comprehensive intervention programs that emphasize prevention and treatment of cigarette, methamphetamine, and other drug use, and promote improved connection to psychiatric care. Continual achievement of this goal may be a crucial step to increase rates of viral suppression and slow HIV incidence in communities of MoCSM in Los Angeles and other urban areas.
Introduction
A report published by the Centers for Disease Control in 2014 estimated that 1.2 million persons were living with human immunodeficiency virus (HIV) infection in the US [1] . This same report estimated that, while 86% of HIVinfected individuals had been diagnosed with the disease, only 30% had successfully achieved viral suppression. In the US, viral suppression is both attainable, owing to the availability of effective antiretroviral medications, and critical for management of the disease. Persons living with HIV who maintain viral suppression can expect a nearly normal life expectancy and have low risk of transmitting HIV to others [2, 3] . With these facts in mind, the HIV Care Continuum, which details the progression of individuals through various intermediary steps between diagnosis and attainment of viral suppression, has become the focus of much attention at the national and international levels [4, 5] .
The HIV Care Continuum maps a series of consecutive milestones that must be successfully achieved to reduce the burden of HIV disease at the population level: HIV diagnosis, linkage to care, retention in care, receipt of antiretroviral therapy, and attainment of viral suppression [6] . Failure to achieve the linked milestones in the HIV Care Continuum varies across demographic subgroups. A recent study conducted by a large US integrated care provider determined that a statistically greater percentage of White patients living with HIV filled prescriptions for antiretroviral medications and attained viral suppression, relative to patients belonging to all other racial/ethnic subgroups [7] . Among men who have sex with men (MSM) diagnosed with HIV infection, an estimated 28% of African American and 37% of Hispanic men have attained viral suppression compared to 47% of White MSM [8] . Inability to achieve and sustain viral suppression in people living with HIV is an important factor driving continued HIV transmission [3] . As such, the reduced prevalence of suppression among men of color who have sex with men (MoCSM), for whom rates of new diagnoses are already disproportionately high, is a serious public health concern [9] .
In addition to variation across demographic subgroups, achievement of HIV Care Continuum milestones also varies across individuals characterized by different social, structural, and psychiatric factors. Factors affecting variability in daily routine, ability to plan and anticipate the future, and ability to maintain financial stability, employment, and stable housing may be important determinants of medication adherence [10] . The accumulation of these factors has been identified as an important barrier to receipt of regular and adequate medical care among individuals living with HIV [11] . Social, structural, and psychiatric factors are often associated with incident stressful experiences such as financial, legal, and relationship stresses, which have been shown to increase the odds of both HIV medication non-adherence and virologic failure [12] .
The impact of various social, structural and psychiatric factors on progression through the HIV Care Continuum may also differ between racial/ethnic minority and majority subgroups. Depression, trauma, and stressful events have consistently been associated with increased viral load and other negative disease outcomes among cohorts of predominantly White MSM such as the San Francisco Men's Health Study and the Multicenter AIDS Cohort Study [13] [14] [15] . Alternatively, with a sample of largely minority patients, Himelhoch et al. reported a significantly lower probability of antiretroviral therapy discontinuation during the first 2 years among patients with severe mental illness or depression and identified a significant association between increased count of mental health visits and decreased likelihood of medication discontinuation [16] . In a sample consisting of 60% racial and ethnic minority impoverished persons, Carrico et al. concluded that homelessness and stimulant use disorder decreased, while recent receipt of mental health treatment increased, an individual's odds of utilizing antiretroviral therapy [17] . This same study concluded that severe mental illness was significantly associated with increased viral load [17] . Studies such as this highlight the importance of distinguishing between mental health symptoms, diagnosis, and treatment as these factors may impact virologic outcomes differentially or even conversely. To better understand these varied findings, researchers must determine the extent to which specific factors impede or enhance achievement of critical treatment milestones, specifically among MoCSM.
Knowledge of social, structural, and psychiatric factors negatively impacting disease management among persons living with HIV has important programmatic and policy implications. Precise information about how specific factors correlate with failure to achieve HIV Care Continuum milestones can inform policymakers about the type and intensity of interventions that may be helpful in promoting successful virologic outcomes among MoCSM. A major advantage of identifying problematic social, structural, and psychiatric factors is that a wide range of effective, evidence-based approaches to enable behavior change or mitigate personal structural problems currently exist, such as substance abuse treatment and housing stability assistance programs [18, 19] . Mobilization of these and other programs for specific subgroups such as MoCSM requires allocation of HIV prevention and treatment resources to a relatively small segment of the population. In practice, doing so may coincide with reallocation of resources away from the larger population of individuals living with HIV [20] . Strong evidence to support the association between specific social, structural, and psychiatric factors and disease outcomes is thus necessary to justify policy implementation.
Successful attainment of the HIV Care Continuum milestone of viral suppression requires high levels of adherence to antiretroviral treatment, though levels are now believed to be lower than once thought [21, 22] . Although there exists an abundance of literature describing associations between specific social, structural, and psychiatric factors and decreased adherence to antiretroviral therapy, far fewer studies have attempted to examine the association of these factors with the ultimate milestone, viral suppression among MoCSM [23] [24] [25] [26] . Adherence is presumed to be the predominant factor determining virologic outcomes. Nevertheless, high levels of adherence measured using self-report or pill count methods do not perfectly correspond with high rates of viral suppression. Even with high self-reported adherence (≥ 90% 1-week adherence), Arnsten et al. observed only 62% of HIV-positive individuals meeting the criteria for viral suppression [27] . High adherence measured using the preferred electronic monitoring approach tends to be more highly correlated with viral suppression, but still imperfect given that only 79% of those individuals with ≥ 90% 1-week adherence were observed to obtain viral suppression [27] . It is thus important to evaluate the impact of social, structural, and psychiatric factors on attainment of viral suppression above and beyond the impact such factors are observed to have on reported or measured adherence.
The primary objective of this study is to identify specific social, structural, and psychiatric factors that are associated with attainment of viral suppression among a sample of urban-dwelling HIV-positive MSM, the majority of whom are MoCSM. Since the primary mechanism by which viral suppression is obtained among HIV-positive individuals is through antiretroviral therapy, this study will also examine the association of social, structural, and psychiatric factors with self-reported achievement of intermediate outcomes such as receipt of a prescription for HIV medications and self-reported recent adherence. To the extent possible, this study will provide a detailed description of the social, structural, and psychiatric factors associated with viral suppression to inform researchers and clinicians working to improve HIV Care Continuum outcomes among this unique population of urban-dwelling MoCSM.
Methods

Study Design and Recruitment
The Men who have sex with Men and Substance Use Cohort at UCLA Linking Infections, Noting Effects (mSTUDY) is an ongoing National Institute on Drug Abuse (NIDA)-sponsored cohort study being conducted at two sites in Los Angeles, California: The Los Angeles LGBT Center, which enrolls HIV-positive MoCSM, and the University of California Los Angeles (UCLA) Vine Street Clinic, which enrolls MoCSM at high risk for HIV infection. The primary objective of the broader study is to explore direct and indirect effects of substance use on the immune system and on behavior and to identify links to HIV transmission dynamics. In this particular study, we used data from HIV-positive members of the cohort and explored associations with viral suppression.
To be eligible for participation, individuals were required to be between 18 and 45 years of age, identify as male, and report having sex with men. During recruitment, efforts were made to enroll African American and Hispanic men with a history of drug use. A comprehensive study recruitment plan involving an extensive collection of materials for dissemination across various social media platforms was developed, implemented, and routinely updated to attract participants from the target population. Recruitment commenced in July 2014. Over time, enrollment steadily increased and diversified in conjunction with outreach efforts undertaken by site and study staff. Through active engagement with community-based organizations serving the Los Angeles LGBT community, substance use support groups, and HIV clinics, study personnel supported the broad dissemination of recruitment materials. Online resources such as Facebook, Twitter, Instagram, Craigslist, and GRINDR were successfully used to recruit from broad demographic and geographically diverse communities.
Participants in The mSTUDY attended a 1-2 h clinicbased enrollment visit. At the visit, participants received a medical examination, provided biological samples of blood, urine, and saliva, and provided information on their sexual behavior and social network by completing a computer-assisted self-interview (CASI). Biological samples were used to test for sexually transmitted infections (STIs), substance use, and for viral load and other basic clinical parameters. Participants were paid for their time ($75 for completing the enrollment visit). STI testing results were made available and study personnel facilitated linkages to care and treatment providers.
Measures
HIV Care Continuum Indicators
Prescription for HIV Medications In completing the CASI, participants were asked, "Are you currently prescribed HIV medication (ARVs)?" Participants who responded "Yes" were assumed to have a current prescription for HIV medications. Other response options for this item were "No" and "Refuse to answer." Recent Adherence Participants who indicated being currently prescribed HIV medications while completing the CASI were asked, "Did you miss any of your HIV medications this past Saturday or Sunday?" A response of "Yes" was assumed to indicate recent non-adherence. All other responses (including "No," "Do not know," and "Refuse to answer") were assumed to indicate recent adherence. Viral Suppression Blood (~ 4 mL) was drawn and sent to LabCorp (Burlington, NC) for quantifying HIV RNA using real-time PCR. Participants with a viral load > 40 copies/mL were considered viremic. Participants with viral load ≤ 40 copies/mL were classified as virally suppressed.
Social, Structural, and Psychiatric Factors
Psychiatric Illness History During the medical examination, history of psychiatric illness was obtained by the clinician conducting the exam. Clinicians asked participants if they had a history of mental health issues and recorded any details provided. Electronic medical records were not used to confirm diagnoses and any patient who reported psychiatric illness was considered to have a history of psychiatric illness, regardless of note contents. Notes were reviewed by the study team for the presence or absence of text referring specifically to depression, anxiety, posttraumatic stress disorder (PTSD), bipolar disorder, and schizophrenia or schizoaffective disorder. These text extractions were used only to provide a general description of the types of psychiatric disorders experienced by this sample and were not included in any inferential analyses.
Current Depression Symptoms of depression were measured using the 20-item Center for Epidemiologic Studies Depression Scale (CESD) included as part of the CASI. The CESD assesses depression symptom severity in the general population during the past week [28] . Among individuals who provided responses to at least 16 of the 20 items, total scores were calculated by summing all nonmissing items and could range from 0 to 60. A total score of 16 or greater indicated clinically significant depression symptoms [29] .
Drug Use Urine samples were collected from study participants and tested using radio-immune assay strips [Fastect II Drug Screen Dipstick Test, Alere iScreen Dx Single Dip Card, McKesson CONSULT Urinalysis Reagent Strips (for nitrites)] that detected metabolites of common drugs. The following thresholds for detection were used: marijuana (THC 50 ng/mL), methamphetamine (MET 500 ng/mL), amphetamine (AMP 1000 ng/mL), opiates (MOP 300 ng/mL, OXY 100 ng/mL, MTD 300 ng/mL), cocaine (COC 300 ng/mL), nitrites (0.05-0.1 mg/dL), and ecstasy (MDMA 500 ng/mL).
Drug test results for the visit were used to classify participants into one of three mutually exclusive categories: no drug use, use of marijuana only, and other drug use. To be classified under no drug use, results had to be negative for all drug classes. Positive results for marijuana and negative results for all other drugs resulted in classification in the marijuana only category. Positive results for one or more of: methamphetamines, opiates, cocaine, nitrites, ecstasy, and amphetamines resulted in classification in the other drug use category, regardless of marijuana results.
Hazardous Alcohol Use On the CASI, participants were asked, "During the past 6 months, how often did you have 6 or more drinks on one occasion?" Several examples were then given to clarify the definition of a drink and participants were provided with response options of "Never," "Less than monthly," "Monthly," "Weekly," and "Daily or almost daily." Participants who provided a response of "Weekly" or "Daily or almost daily" were considered to exhibit hazardous alcohol use. This item appears on the alcohol use disorders identification test (AUDIT-C) and has demonstrated favorable properties in the detection of heavy drinking and/or active alcohol abuse or dependence [30] .
Cigarette Smoking
The CASI also included a question phrased "Do you currently smoke cigarettes?" Participants could choose from response options of "Yes," "No," "Occasionally (< 1 cigarette/day)," and "Refuse to answer." A response of "Yes" was required to indicate cigarette smoking for the purpose of this study.
Unemployment An item on the CASI asks participants "Which of the following best describes your current work situation:" with response options of "Disabled/on disability," "Unemployed/not working," "Working full-time (includes self-employment)," "Working part-time," "Work at home as a caregiver," "Full-time student," and "Refuse to answer." Participants who provided a response of "Unemployed/not working" were considered to be experiencing unemployment for the purpose of this study.
Housing Instability On the CASI, participants were also asked, "In the last 6 months, how long have you spent in a place not designed for sleep?" Response options of "Never" or "1 night" were assumed to indicate stable housing and individuals who responded by selecting "Up to 1 week," "1 week to 1 month," or "More than 1 month" were considered to be experiencing housing instability. This decision was made by study investigators with the intent of distinguishing between incidental housing difficulties and actual instability.
Incarceration The CASI includes a question regarding lifetime history of incarceration. Participants were asked, "How many times have you been incarcerated in a jail, prison or detention facility for more than 24 hours?" Participants who provided responses of 2 or higher were considered to have a history of incarceration. This decision was made by study investigators based in part on the distribution of responses (15% of men provided a response of 1). The aim was to distinguish between individuals struggling with the instability caused as a result of incarceration and individuals who might have been detained temporarily due to a single incident.
Sample
As of September 2016, The mSTUDY cohort consisted of 171 HIV-positive men who were screened, met eligibility criteria, enrolled, and completed the baseline study visit. Given the objectives of this study, we excluded participants who, at baseline: (1) did not have valid toxicity screen results, (2) did not complete the relevant CASI items described previously, (3) did not have valid viral load measurements, or (4) refused to answer the current prescription to HIV medication item. Sixteen individuals were removed following application of these exclusion criteria resulting in a final analytical data set consisting of baseline records from 155 men. Where there existed sufficient sample size, we attempted to assess differences between the 16 excluded and the 155 included individuals. These two samples did not differ significantly with respect to race/ethnicity, age, psychiatric illness history, or drug use. Although we refer generally to this sample as a sample of MoCSM, the analytical sample consists of 88% men who identified as either Hispanic or Black (Non-Hispanic). The remaining 12% likely includes some men of color and at least nine individuals who identify as White (Non-Hispanic).
Statistical Analyses
Frequencies and percentages were calculated to describe the demographic characteristics and prevalence of social, structural, and psychiatric factors among the final sample of 155 men. Frequencies and percentages of men currently prescribed HIV medications, recently adherent, and virally suppressed at baseline were also calculated.
To address the primary objective of this study, we constructed a series of multiple logistic regression models to evaluate how social, structural, and psychiatric factors affect HIV Care Continuum outcomes both directly and indirectly through affecting the probability of being prescribed HIV medications and being recently adherent. To describe the direct association with viral suppression, multiple logistic regression models were constructed (one for each social, structural, and psychiatric factor) by regressing the log odds of viral suppression at baseline on an indicator variable for the presence/absence of the factor, a continuous age variable, and a categorical variable indicating race/ethnicity. Model results were used to calculate adjusted odds ratios (ORs) and corresponding 95% confidence intervals (CIs).
Among social, structural, and psychiatric factors identified as being significantly associated with viral suppression, cross-tabulations were calculated and Chi-square tests conducted in order to describe the prevalence of co-occurring factors and provide a better understanding of the subgroup of MoCSM at risk for viremia.
To examine the association of social, structural, and psychiatric factors with achievement of intermediate outcomes, we conducted a set of sequential multiple logistic regression analyses. For each factor, we first regressed the log odds of being prescribed HIV medications on an indicator variable for the presence/absence of the factor among the entire sample. We then used the subsample consisting of men who had been prescribed HIV medications to fit a model regressing the log odds of reporting recent adherence on an indicator variable for the presence/absence of the factor. Lastly, we used the subsample consisting of men who had both been prescribed HIV medications and reported recent adherence to fit a model regressing the log odds of viral suppression on an indicator variable for the presence/absence of the factor. Age and race/ethnicity were controlled for in all models.
For each set of models, predicted probabilities were generated for an individual with age equal to the average observed age within the sample (33.9 years) and Hispanic race/ethnicity (the race/ethnicity reported among the highest percentage of participants). Thus, for a Hispanic man aged 33.9 years with the given social, structural, or psychiatric factor, we present (1) the predicted probability of receiving a prescription for HIV medications, (2) the conditional predicted probability of reporting recent adherence to HIV medications given receipt of a prescription, and (3) the conditional predicted probability of attaining viral suppression given receipt of a prescription and reported recent adherence to HIV medications. The predicted probabilities were generated for both the presence and absence of each social, structural, and psychiatric factor. Predicted probabilities were subsequently multiplied to calculate joint event probabilities which were plotted for visual examination of the predicted HIV Care Continuum trajectory in the presence or absence of each factor.
Results
In accordance with the study design and recruitment plan, the final sample consists primarily of relatively young, minority men (Table 1 ). The mean age in years among the 155 participants is 34. Forty-five percent of these participants identified themselves as Hispanic and 43% identified themselves as Black (Non-Hispanic). Half of the remaining 12% of participants identified themselves as White (NonHispanic) and the other nine participants either endorsed multiple races (in addition to Non-Hispanic) or refused to answer. Among the 70 individuals who identified themselves as Hispanic, 49 (70%) indicated that they were of Mexican/ Mexican American/Chicano origin, 1 (1%) indicated that he was of Puerto Rican origin, and 20 (29%) indicated that they were of another Hispanic, Latino or Spanish origin (other than Mexican/Mexican American/Chicano, Puerto Rican, or Cuban). Almost all (97%) of the participants in this study indicated some form of current health insurance with close to half (47%) reporting MediCal, Medicaid, LA Care, or Molina as their current insurance provider. Among this sample of 155 HIV-positive men, approximately half (n = 78) met the criteria for viral suppression at the time of the baseline study visit. The vast majority of participants (87%) reported being currently prescribed HIV medication but only 57% reported recent adherence to HIV medications.
Almost two-thirds of participants indicated a history of psychiatric illness and 57% of men in this sample reported clinically significant depression symptoms (Table 1) . Over half of the study participants provided urine samples that tested positive for metabolites of at least one drug including 50 men who screened positive for at least one drug other than marijuana. Sixteen percent of participants indicated hazardous alcohol use and 41% reported current cigarette smoking. Over 30% of men in this sample reported unemployment and 27% reported housing instability in the past 6 months. Fourteen percent of participants reported a history of incarceration.
To provide a general description of the types of psychiatric disorders affecting our sample of MoCSM, we extracted information from clinician notes taken at the time of the medical exam and made a rough determination of the numbers of participants with a reported history of depression, anxiety, PTSD, bipolar disorder, and schizophrenia or schizoaffective disorder. Of the 101 participants with a history of psychiatric illness, 69% reported depression, 47% reported anxiety, 15% reported PTSD, 21% reported bipolar disorder, and 12% reported schizophrenia or schizoaffective disorder. Over one third (36%) of participants with a history of psychiatric illness reported both anxiety and depression. Approximately half of the participants (n = 50) reported more than one of the disorders considered.
Results from the set of models regressing the log odds of viral suppression on each social, structural, and psychiatric factor while controlling for age and race/ethnicity are presented in Table 2 . Supplemental Table 1 contains the age and race/ethnicity parameter estimates for these adjusted models. History of psychiatric illness was significantly associated with increased odds of viral suppression (adjusted OR = 2.16, 95% CI = 1.08-4.32). Cigarette smoking (adjusted OR = 0.48, 95% CI = 0.24-0.93) and other drug use (adjusted OR = 0.29, 95% CI = 0.13-0.64) were significantly associated with decreased odds of viral suppression. As expected, viral suppression was significantly associated with being prescribed HIV medications (adjusted OR = 6.85, 95% CI = 1.90-24.66), and reporting recent adherence (adjusted OR = 2.56, 95% CI = 1.21-5.41) after controlling for age and race/ethnicity (results not shown).
Given the significant associations of psychiatric illness, cigarette smoking, and other drug use with viral suppression, we examined the prevalence of co-occurring factors and the specific drugs used by other drug users in this sample. Participants with a history of psychiatric illness were not significantly more likely to be classified as other drug users (33 vs. 32%, p = 0.88) or cigarette smokers (45 vs. 33%, p = 0.18), relative to participants with no history of psychiatric illness. Other drug users were significantly more likely to smoke cigarettes (58%) relative to participants who did not use other drugs (32%, p < 0.01). Twenty-one men were classified as having a history of psychiatric illness, being cigarette smokers, and other drug users (Fig. 1) . A high percentage of other drug users tested positive for methamphetamine use (82%). Sixty-eight percent of other drug users tested positive for amphetamine use, the vast majority of whom also used methamphetamine. When used, opiates and ecstasy tended to be used alongside methamphetamines and amphetamines, whereas the majority of the cocaine users did not test positive for any other drug except marijuana.
Results from the set of multiple logistic regression models examining the sequential achievement of HIV Care Continuum milestones are presented in Table 3 . Across all social, structural, and psychiatric factors and regardless of factor presence or absence, predicted probabilities of receiving a prescription were high and ranged from 0.84 to 0.95. The only significant difference with respect to factor presence versus absence was for psychiatric illness history. Men with a history of psychiatric illness had a predicted 0.94 probability of receiving a prescription relative to a 0.84 probability among men with no history of illness (p = 0.0167). Among the subsample of men who received a prescription, predicted probabilities of reporting recent adherence to medications were moderate and ranged from 0.53 to 0.80. Although results were not significant, the conditional predicted probability of reporting recent adherence to medications was noticeably lower (0.53) among other drug users relative to men using marijuana only (0.74) and using no drugs (0.69). Among the subsample of men who received a prescription and reported recent adherence, predicted probabilities of attaining viral suppression were low to moderate and ranged from 0.37 to 0.72 with the majority of probabilities falling between 0.55 and 0.70. The conditional predicted probability of viral suppression was significantly lower among men using other drugs (0.37) relative to men using no drugs (0.72, p = 0.0138). Cigarette smoking was also associated with a significantly reduced conditional predicted probability of viral suppression (0.39 vs. 0.71, p = 0.0076). Figure 2 displays predicted probabilities for three sequential events indicating progression along the HIV Care Continuum. Plots allow for comparisons across men with and without a history of psychiatric illness, current depression, drug use (no drug use, marijuana only, and other drug use), and cigarette smoking. Across the three sequential events, we identify events at which the difference in predicted probabilities between an individual with and without a given factor appears to increase in magnitude relative to the previous event. A difference in probabilities between men with and without a history of psychiatric illness appears at the first event, corresponding to receipt of a prescription for medications, and this difference remains fairly constant across the next two events. Alternatively, the difference between probabilities for individuals with no drug use versus other drug use and between cigarette smokers and non-smokers appears to increase when moving from receipt of a prescription to adherence and suppression events. This is particularly true among cigarette smokers when moving from reported recent adherence to attainment of viral suppression.
Discussion
We evaluated a number of social, structural, and psychiatric factors prevalent within a largely minority sample of urban-dwelling HIV-positive MSM and identified several factors significantly associated with viral suppression and intermediate HIV Care Continuum outcomes. Cigarette smoking and other drug use were significantly associated with a decreased likelihood of viral suppression among participants in this sample. In contrast, a self-reported history of psychiatric illness was significantly associated with an increased likelihood of viral suppression. Men who reported a history of psychiatric illness had an increased likelihood of attaining a prescription for HIV medications which was the intermediate outcome corresponding most strongly with ultimate differences in viral suppression. On the contrary, differences in the probability of receiving a prescription were minimal when comparing other drug users to marijuana users and non-users. Instead, differences across these groups arose when comparing intermediate outcomes related to self-reported recent adherence.
Previous studies have concluded that HIV-positive individuals experiencing mental health symptoms are at an increased risk of medication non-adherence [31] [32] [33] . Each of these studies evaluated the association between Fig. 1 Diagram depicting the distribution and overlap of psychiatric illness, cigarette smoking, and other drug use among the 128 HIVpositive MSM participating in The mSTUDY who indicated at least one of these three factors. Circles are scaled such that the area is proportional to the number of individuals with the particular factor recent or current mental health symptom experiences and adherence at the present time. By examining history of psychiatric illness, our study extends this work by describing the association of mental health problems with virologic outcomes. Despite the fact that a high percentage of men in our sample reported depression as one of the psychiatric illnesses they had experienced, current depression assessed using the CESD was not associated with improved HIV outcomes and predicted probabilities actually indicated a slight decrease in the likelihood of recent adherence and viral suppression among men experiencing current depression (Fig. 2) . While experiencing mental health symptoms such as depression may negatively impact medication adherence, reporting a history of psychiatric illness could indicate improved connection to care, which is a strong predictor of viral suppression achievement [34, 35] . Having a psychiatric illness will lead many to seek treatment for their symptomatology and frequently this will involve taking psychotropic medications consistently. It is possible that the skills required in successfully managing a psychiatric diagnosis directly transfer to the effective management of HIV disease and regular engagement in HIV-related care. Lastly, individuals who have been successfully treated for psychiatric illness may have been both more likely to indicate a history of psychiatric illness, relative to individuals with untreated or subclinical All models are adjusted for age and race/ethnicity and all probabilities are calculated for an individual at mean age (33.9 years) and Hispanic race/ethnicity PP predicted probability, CPP conditional predicted probability *Indicates p < 0.05 for the model parameter estimate associated with the social, structural, or psychiatric factor a Conditional on having received a prescription b Conditional on having received a prescription and reporting adherence to medication c Three separate models were constructed for each factor (receiving a prescription, recent adherence to medication, and viral suppression) Predicted probability of:
Receiving a prescription (N = 155) psychiatric symptoms, and may also be more likely to have an avenue for receipt of medical care for HIV. There are several potential measurement issues that should be noted as limitations of this study. The biomarker assessment used to identify drug use captured only recent/ current drug use for many substances and may not accurately represent drug use as a persistent factor capable of impacting viral suppression. Determination of hazardous alcohol use was made based on responses provided to a single item from the three-item AUDIT-C. While this item has been used previously to detect active alcohol abuse or dependence [30] , it captures only frequency of binge drinking. The full AUDIT-C inquires about drinking frequency and quantity in even non-binge settings which could impact an individual's ability to maintain viral suppression. The criteria used to determine history of incarceration and housing instability based on single-item responses provided by participants in this study were developed by study investigators rather than being previously established. The properties and performance of these measures remains to be evaluated and could have limited our ability to accurately measure the association between these factors and viral suppression.
History of psychiatric illness was self-disclosed to a clinician in this study. Information regarding the specific diagnosis and chronological progression of the psychiatric illness was limited and collected inconsistently across patients and providers. Relative to the general population, persons living with HIV are known to experience heightened levels of mental health symptoms with even higher levels observed among minority samples and MSM [36, 37] . It is thus possible that the reference group used in this study consisting of participants with no reported history of psychiatric illness actually includes individuals with undiagnosed and therefore untreated psychiatric illness. In that case, our findings may reflect the benefit of diagnosis and treatment of existing mental health disorders in improving virologic outcomes relative to the alternative in which existing symptoms remain undiagnosed and untreated. Further, since the timing of mental health symptom presentation was not ascertained among men reporting a history of psychiatric illness, those individuals who had received treatment could potentially have reduced current symptom levels relative to symptomatic individuals with no identified history of psychiatric illness.
While results suggest that the association of psychiatric illness with viral suppression is partly attributable to increased likelihood of being prescribed medication, other attributions should be considered. In 2004, Ingersoll reported that among individuals living with HIV, those who screened positive for an anxiety disorder were at reduced risk of failing to take HIV medications as directed [24] . Ingersoll attributed this finding to increased self-protective vigilance about following directions among individuals endorsing symptoms of anxiety. Based on provider notes, almost half of the men with a history of psychiatric illness in the present sample reported experiencing anxiety, three quarters of whom also reported experiencing depression. Future studies are needed to determine whether the association between history of psychiatric illness and viral suppression is driven primarily by the presence or absence of anxiety symptoms. Since psychiatric symptoms such as symptoms of depression and anxiety are highly correlated, future studies should use more detailed information obtained from rigorous diagnostic tools administered in a structured clinical interview setting, for instance the Structured Clinical Interview (SCID) for DSM-IV or the Mini-International Neuropsychiatric Interview (MINI) [38, 39] . These tools would also allow for the reliable categorization of numerous other specific psychiatric diagnoses which may be co-morbid with HIV.
Previous studies attempting to describe the impact of drug use on adherence to HIV medications have published discordant findings. Studies which demonstrated no relationship between drug use and adherence often used self-report as the method to measure medication adherence. Other studies relied on pill counts or electronic monitoring devices, which have also demonstrated serious limitations [40] . In the present study, we chose to examine the association of drug use with both a crude indicator of recent adherence and the final milestone in the HIV Care Continuum, viral suppression. Although there are definite limitations associated with the recent adherence measure, we used an unbiased and accurate objective measure to ascertain recent drug use (urine drug screens), as opposed to drug use over the past several months, and the most relevant biomarker of HIV disease status, RNA quantification using real-time PCR. Analogously, Qian et al. [41] recently used urine drug screen information to demonstrate a significant association between a negative screen and viral suppression. In doing so, they advocated for the use of urine drug screens for rapid point-of-care screening at routine clinic visits to identify patients at risk for treatment failure and to drive patient management and referral to services such as directed adherence counseling and drug use treatment programs [41] . Results presented here further support the consideration of real-time drug screen results to optimize HIV disease management.
A high proportion of other drug using participants in this study reported use of methamphetamines (82%). Several previous studies have found that stimulant use, particularly use of cocaine or methamphetamines, is associated with decreased overall medication adherence [25, 26] . Hinkin et al. posit that, relative to other non-stimulant drugs, methamphetamines use may exert greater disruptions to sleep and eating patterns and increased levels of environmental instability leading to decreased adherence [25] . These findings are in line with the results presented here, in that drug use was shown to impact viral suppression but did not significantly influence the likelihood of receiving a prescription, implying that viremia may have resulted instead from factors other than access to medications, such as inconsistent adherence or methamphetamine effects on immune system functioning [42] .
In the present sample, cigarette smoking was associated with an increased likelihood of detectable viral load. A recently published paper by O'Cleirigh et al. parallels these findings with clinical evidence gathered from the electronic health records of a sample of over 300 individuals living with HIV [43] . O'Cleirigh et al. observed that compared to non-smokers, cigarette smokers reported significantly lower adherence to HIV medications, attended fewer routine medical visits, were more likely to use cocaine and other drugs, and were more likely to have a detectable viral load. The authors also noted that smokers endorsed lower importance of health to their overall quality of life and hypothesized that this lower endorsement may correspond to decreased engagement in health protective behaviors such as attending preventive medical visits and adhering to medications. Since smoking was not associated with a decrease in the likelihood of being prescribed HIV medications within our sample, it is reasonable to attribute the elevated risk of detectable viral load among cigarette smokers to issues of adherence. Interestingly, cigarette smokers did not report dramatically lower frequencies of recent adherence compared to their nonsmoking counterparts. Nevertheless, smokers experienced significantly lower probabilities of attaining suppression which may indicate poor reliability of this adherence measure for use with cigarette smoking populations or that suppression is being compromised via mechanisms other than recent adherence among this population. Although future effectiveness research is necessary, interventions aimed at reducing cigarette smoking as a means of improving HIV disease management among MoCSM may be impactful given that 41% of men in the present sample reported cigarette smoking compared to only 17% in the general population [44] .
Nevertheless, the high rate of co-occurring drug use among the cigarette smoking subgroup may indicate that adherence is not compromised by cigarette smoking alone and points to the importance of encouraging smoking cessation at all points of care, including drug use treatment, in order to reach the goal of viral suppression. Although we observed higher rates of psychiatric illness and elevated depressive symptoms among cigarette smokers relative to non-smokers, these differences did not meet the traditional threshold for statistical significance (p = 0.18 and 0.08, respectively). However, our sample size is limited and previous research has suggested that smoking may be associated with negative HIV disease outcomes in part due to increased levels of depressive symptoms among HIV-positive smokers [45] . The mSTUDY focused recruitment efforts on men with a history of substance use and future studies are needed to describe the unique contribution of cigarette smoking on viral suppression in the absence of drug use and psychiatric illness.
The results presented herein provide valuable insights into potential mechanisms by which the prevalence of viral suppression may be increased among the subgroup of urban-dwelling, MoCSM. Although our sample of 155 HIV-positive men is limited in size, it is valuable in that it was drawn from this specific target population in which intervention efforts could greatly impact disease progression at the individual-and community-levels. Results presented in this paper are also strengthened by our use of reliable and objective tools for the measurement of drug use and viral load. Although self-reported, the medical history of psychiatric illness indication was obtained during the clinical exam component of the study visit in the presence of a health care professional responsible for delivering patient care.
Although the sequential analyses provide support for the pathway through which a history of psychiatric illness impacts the likelihood of attaining a prescription for HIV medications, thereby impacting virologic outcomes, the chronological ordering of these events is unverified. For example, a study participant could have obtained his prescription for HIV medications prior to experiencing psychiatric illness. Viral suppression could also have occurred prior to any psychiatric illness. Due to our limited sample size and specific research objective, we constructed models controlling only for participant age and race/ethnicity and did not include multiple social, structural, and psychiatric factors in the same model. Given the high rate of cooccurring factors, the MoCSM participants in this study with detectable viral load are likely to have a complex assortment of social, structural, and psychiatric factors which hinder optimal disease management. A limitation of the results presented herein is that we did not attempt to answer questions regarding the impact of co-occurring risk factors through a syndemic score or other approach. Due to sample constraints and the exploratory nature of this research we also did not correct for multiple comparisons. Future studies would benefit from exploring the associations presented here in greater detail with a larger sample and a data collection effort designed to facilitate understanding of how the interaction of various social, structural, and psychiatric factors and other demographic characteristics contributes to the likelihood of attaining viral suppression.
At the national level, increasing the rates at which MoCSM progress through the HIV Care Continuum has important implications for reducing morbidity and mortality, decreasing incidence, and eliminating racial/ethnic disparities in HIV disease burden. Efforts aimed at accomplishing this goal need to be multifaceted and designed to target barriers to viral suppression that are specific to the MoCSM subgroup. The results of this study support the development of comprehensive programs aimed at reducing cigarette smoking and substance use and increasing rates of treatment and connection to care among individuals experiencing psychiatric illness.
